Abstract: Some bis(carbodithioato)nitrosyl complexes of cobalt(I) of the general formula [Co(NO)
Introduction
A large number of transition metal complexes with various aliphatic, aromatic and heterocyclic dithiocarbamate ligands have been reported 1 . Dithiocarbamates are an important class of ligands, being capable of stabilising transition metals in a wide range of oxidation states. In by far the vast majority of instances, they act merely as non-sterically demanding ancillary ligands. 2, 3 It is however, becoming increasingly clear that under certain circumstances the ligand can behave in a non-innocent fashion 3 (addition of dithiocarbamates to unsaturated ligands and insertion of unsaturated groups into metal-sulphur bond(s) of dithiocarbamates). 2 The major advantage of using the small bite-angle of dithiocarbamato moiety as a stabilising chelating ligand, is its unique property to remain intact under a variety of reaction conditions. 4, 5 The ability of the dithiocarbamate ligands (innocent ligand) to stabilize cobalt in its low oxidation state in conjugation with π-acid ligand, i.e. nitrosyl (non-innocent ligand) has been explored in the present study with heterocyclic carbodithioate ligands. Intense interest in the chemistry and biochemistry of NO and their derivatives such as metal nitrosyl complexes is because of the strategies of these complexes to deliver NO to biological targets on demand. 6, 7 The role of biomimicry in metal nitrosyl complex systems is based on the fact they undergo one electron oxidation and reduction processes. 8 NO, "Molecule" of the Year, 1992, had also been proclaimed as a fundamental player in the fields of mammalian bioregulation, immunology and neuroscience. This has further stimulated intense interest in the chemistry and biochemistry of derivatives of metal nitrosyl complexes. 9 Such type of derivatives have been studied much in detail for iron metal ion while the electronic description of cobalt complexes has not been probed as effectively as those of their iron analogues.
carbodithioate thus obtained was stored in a calcium chloride desiccator. 4 Piperidine (0.977 g; 11.5 mmol) in ethanol (15 ml) was cooled to 5 0 C. To this cooled solution carbon disulphide (0.87 g; 11.5 mmol) was added slowly with stirring when white solid separated. To this solid was added sodium hydroxide (0.46 g; 11.5 mmol) dissolved in minimum quantity of water (4 ml). The resulting solution was filtered and the filtrate was evaporated to dryness on water bath. The product was stored in a calcium chloride desiccator. PipdcdtNa.2H 2 
Elemental analyses
Carbon and hydrogen analyses were performed on an automatic Coleman-33 Analyser while nitrogen was analysed by Kjeldahl"s method. The cobalt metal was determined volumetrically by EDTA method using murexide indicator while sulphur was determined gravimetrically as barium sulphate.
V.
Physical measurements NMR spectra of the ligands 4-RPipzcdtNa.H 2 O (R= M, Et) and their complexes and 13 C and 15 N spectra for [Co(NO)(4-MPipzcdt) 2 ] were recorded on av500 MHz spectrophotometer using (CD 3 ) 2 SO as solvent and TMS as an internal standard. Infrared spectra of all the ligands and complexes were recorded as KBr pellets on Nicolet 5700 FT Infrared Spectrophotometer in the 4000-600 cm -1 region. Infrared spectra of all the complexes were recorded as nujol mull with cesium chloride plates as windows in the 600-200 cm -1 region. The mass spectra of DMSO:ACN (2 mg/10 ml) solution of the complex, i.e. [Co(NO)(4-MPipzcdt) 2 ] was recorded on an Agilent LCMS (6300) Ion-Trap mass spectrometer by Electron spray ionization (ESI) source having temperature of 300 0 C using EMD ion detector. Molar conductance measurements (10 -3 M DMSO solutions)
were made at 0 C using Elico Conductivity Bridge type CM-82T. Solution (ethanol) electronic absorption spectra of the complexes with solvent as the reference, in quartz glass cells were recorded on Cary 100 Bio UV-Visible recording Spectrophotometer (range 900-200 nm) and Shimadzu UV-Visible 1700 recording spectrophotometer (range 1100-200 nm). Field dependent magnetic susceptibilities of the complexes were also measured on a Vibrating Sample Magnetometer PAR-155 (model-152).
In Vitro Antimicrobial Activity Screening: As a preliminary screening for antimicrobial activity, compounds were tested against pathogenic bacterial strains: Escherichia coli, Salmonella typhi, Enterobacter, S.Epidermidis, Psuedomonas aeruginosa, Shigella flexneri and Salmonella typhimurium. Stock solutions (1000 μg/ml) of the ligand, (4-MPipzcdtNa.H 2 O) and its metal complex were prepared in DMSO. Quantitative antibacterial activities of the compounds were determined using 2-fold serial dilution method. MIC was considered minimum inhibitory concentration of test compound that inhibited visible growth of bacteria after 24 h incubation at 37 0 C. Uniform volume (125 μL) of nutrient broth was dispensed in all the wells of 8 rows of 96 Well Cell Culture Plate. Pure DMSO (125 μL) as blank solvent was taken in the first column of the culture plate. Afterwards 125 μL (1000 μg/ml conc.) of the solution of the test sample was added to the second well of all the seven rows of the culture plate except the eighth row (resultant concentration of test sample = 500 μg/mL). Serial dilution method was applied to the remaining wells of all the seven rows, so as to achieve the serial concentrations, viz. 250 μg/mL, 125 μg/mL, 62.5 μg/mL, 31.25 μg/mL, 15.62 μg/mL, 7.81 μg/mL, 3.90 μg/mL, 1.95 μg/mL, 0.975 μg/mL and 0.486 μg/mL in each row. Uniform volume of innoculum (10 μL) of particular test organism was added to each row except for the control (blank) which receives only the nutrient broth and DMSO. The eighth row of the culture plate was used for the reference drug, i.e. Penicillin. The inoculated culture plates covered with lids were incubated at 37 0 C for 20-24 hr in shaker at 162 rpm. The growth was compared with that of control culture by measuring the absorbance at 620 nm after 20-24 hr on Shimadzu-1700 UV-Vis spectrophotometer. The results were compared with that of Penicillin, a standard broad-spectrum antibiotic for bacterial strains. Blank tests have shown that DMSO in the preparation of the test solution does not affect the results.
VI. Results and Discussion
Sodium carbodithioate ligands of heterocyclic secondary amines were obtained according to the (Equation.1). An interesting fragmentation pattern for the complex, as illustrated in Scheme-1 reveals the presence of molecular ion peak due to [Co(NO)(4-MPipzcdt) 2 ]
.+ of m/z=438.9 (53.1 %). 59 Co isotope has 100% natural abundance.
( Figure1) shows the mass fragmentation pattern of ions. The ionization resulting into monocation radical formation leaves positive charge on the nitrogen atom. This is followed by Co-NO bond cleavage wherein nitrogen of NO takes away alongwith its lone pair of electrons as well as radical electron from the nitrogen of the ring (Step-II) and cation (II) is formed. This is in consonance with the fact that nitrosyl ligand is formally regarded sometimes as NO + , sometimes as NO -, but is usually eliminated as stable neutral oxide, NO (ligands with formal charge can be eliminated as stable neutral molecule comparatively easily). 11 The cation (II) fragmentation starts with cleavage of the α-bond, shift of the electron density and formation of a double bond between this nitrogen atom and the carbon atom of the dithiocarbamate group, such that obtained cation (III) and the cation (II) have the same relations of m/z = 409 (19.14 %) but with different structures. The cation (IV), m/z= 351(15.95 %) for complex, is a result of intermolecular rearrangement prior to fragmentation, involving migration of the α-hydrogen atom across the six member heterocyclic ring of 4-MPipzcdt ligand, followed by simultaneous cleavage of 4-5 bond. Then cation (IV) get generated consequence upon loss of the CH 3 CH 2 NCH 3 fragment. Next step involves the movement of the β-hydrogen atom, alongwith the bond electron pair to the nitrogen atom of cation (IV), followed by cleavage of the 1-6 bond. This is facilitated by stabilization of the resulting highly pronounced peak at m/z= 325 (100 %). This intensive ion (V) represents the base peak of the complex. Formation of cation (V), occurs upon elimination of ethyne. In the next step ion (VI) corresponding to peak at m/z= 310 (1.06 %) corresponds to the fragmentation of ammonia and formation of cation (VI) 
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VII. Infrared Spectral Studies:
In all the cobalt nitrosyl carbodithioates the ν(C N) band has been observed at higher energies around (1489-1500 cm -1 ) in comparison to free ligands (1450-1467 cm -1 ) ( Table-1 ). The rise in C-N stretching frequency has been attributed to a considerable double bond character of the C N bond in the complexes. 13 Observation of two bands in the region 960-1015 cm -1 (separated by less than 20 cm -1 ) for the antisymmetric ν a (SCS) vibration and one band for the symmetric ν s (SCS) stretch in the region 663-686 cm -1 (Table-1) in the IR spectra of complexes, suggest the unsymmetrical chelating bidentate mode of coordination to the metal ion.
14 In the far-IR spectra of the complexes, additional bands in the 366-360 cm -1 region as compared to the free ligands, ascribable to the ν(Co-S) stretching mode have been observed. 15, 16 In addition all the complexes exhibit three peaks in the region 291-315 cm -1 , because of (Co-NO) absorptions possibly reflecting the threefold Co-N-O disorder corresponding to bent Co-NO binding mode 17 2 ] because of the increased electron density due to the carbodithioate ligand, which results into the increased back bonding from metal to the NO + and weakening of the N≡O bond. The band in the complexes, lie in the range 1657-1639 cm -1 which is the range for the bent NO ligand. Such an observation has earlier been made for [Co(NO)(S 2 CNMe 2 ) 2 ] being elucidated using X-ray crystallography study. 8, 17, 18 The complex also exhibits ν NO at 1630 cm -1 , for its bent Co-NO linkage. 
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8. 13 C NMR Spectra: 13 C NMR spectrum of the complex ( Figure 3 ) exhibits a sharp signal at δ 193.07 ppm due to >NCS 2 , i.e. thiocarboxylato carbon, indicating coordination of sulphur atoms to the cobalt metal ion. This range of 13 C signal for >NCS 2 group for its binding to the metal ion has also been reported by Rehman et al. 21 13 C NMR signals due to 2,6-methylene (-CH 2 ) carbon atoms at δ 40.37-40.53 ppm, 3,5-methylene (-CH 2 ) carbon atoms at δ 40.04-40.21 ppm and CH 3 carbon at δ 39.71-39.87 ppm have also been observed to lie in the range for the respective carbon atoms of the heterocyclic ring. 16, 22 (Table-3 ). 8 . In the present complex, i.e. Co(NO)(4-MPipzcdt) 2 we have observed a band ( Figure 4 ) at δ 202.57 ppm corresponding to 15 N NMR of NO + group (Table-3 
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